1. INTRODUCTION ALTHOUGH a number of papers reporting techniques for this purpose have been published (e.g. SHEATZ, 1961 , MILLER et aL, 1961 , VALENSTEIN et al., 1961 , SUTTON, 1962 ) there still appears to be a need for detailed descriptions of further developments, judging from my own experience and from requests for such information. Therefore techniques are described which have been used successfully for brain stimulation of gulls (Larus sp.) and which from a few experiments are also known to be suitable for chickens (Gallus sp.). They should, however, be applicable to a wide range of birds and small mammals.
ELECTRODES 2.1. Materials
Stainless steel seems to have become universal as material for chronically implanted stimulation electrodes. I use a wire of the hard drawn, bright quality (supplied by Johnson Matthey, London). To avoid excessive brain damage, particularly when several electrodes are implanted, a 36 SWG wire is employed for monopolar electrodes, a 38 SWG for bipolars and 40 SWG for multiple electrodes. This wire is supplied in coils and so the problem arises of how to straighten it. Although one can achieve a certain degree of straightness by stretching or bending it, this is not sufficient for accurate stereotactic work. The following procedure is used: 6-10 in. of the wire is clamped between two terminal posts and tensioned with a suitably arranged light spring. An a.c. which can be conveniently regulated with a "Variac", is passed through the tensed wire so that it briefly heats it up to a dull red. Experience will determine the current and duration needed which will just produce adequate straightness but does not completely anneal the wire. In view of the subsequent insulation procedure it is advisable to clean the wires with some organic solvent before straightening them. This will remove the grease or oil which will otherwise carbonize during heating and then hamper insulation.
If only a few electrodes per animal are implanted or if brain damage need not be avoided, then the problem of straightening can be avoided by using instead of wire, either stainless steel hypodermic tubing or stainless steel insect pins.
Insulation
The now straight wire is thoroughly degreased in carbon tetraehloride.t Before insulation it is briefly dried at 150~ to remove any traces of water. As insulation varnish I use Schenvar 31 (= Isonel 31, supplied by Schenectady-Midland, Four Ashes, Wolverhampton), (MARO, 1964) which gives the best results of a wide range of other insulation materials which have been tested. It has a shelf life of approximately a year. The wire is simply dipped into the liquid and slowly withdrawn, watching for the formation of droplets which indicate a too rapid or irregular drawing. If this is done by hand it has proved of advantage to withdraw the wire at an angle of about 45 degrees to the surface of the liquid. It is more convenient to do this mechanically, particularly if large numbers of electrodes are needed. The results are also more reliable. The machine used for this purpose basically consists of a vertical traverse driven by a lead screw, the latter being driven in turn by a reversible, variable speed, small, d.c. model motor, through an adequate reduction gear. The speed of the traverse should be approximately 1 in/min, but adjustments are necessary depending on the diameter of the wire and batch and age of the varnish. The variable d.c. voltage required for the speed adjustments can conveniently be obtained by rectifying the output of the "Variac" mentioned above. Once the wires are coated, they are baked in a thermostatic oven at 150~ for 15 rain. Several coats have to be given, each followed by baking, with the final coat being baked for longer--30-45 min~at the same temperature. The number of coats necessary depends, again, on the diameter of wire, the age of varnish and the speed of withdrawal from the insulating liquid. I adjust the latter so that it is as fast as possible without formation of droplets. Usually 6 coats are sufficient.
The insulation of the wires is checked with the usual electrolytic bubbling technique (SILVER, 1958) using 10 per cent saline in a flat petri dish with a matt black floor. The dish is illuminated from the side with a microscope lamp, the bare end of the wire is held with forceps connected to the negative pole of a 4-5-V supply and inspected for bubbles with a low power binocular.
Manufacture
The insulated wires are cut into suitable lengths so that, in addition to the portion which is intended to penetrate the brain, there is a ~-~ in. length by which the electrode can be held in the stereotactic instrument. Just above the point where the electrode will be level with the surface of the skull, I scrape off the insulation with a sharp scalpel for ~ in. and to this point I solder a 89 in. strand of approximately 42 SWG soft tinned copper wire --in fact a strand from a stranded miniature cable. The soldering is made easy if a suitable stainless steel flux (supplied by Fry's Metal Foundry, London) is applied at the same time with a fine brush.* The solder joint is insulated with a drop of acrilic dental cement. Since the electrodes I commonly use are too fine for easy placement in the jaws of the pin chuck of the stereotactic instrument, the corresponding end of the electrode is pushed into a in. length of hypodermic tubing which has an internal diameter just slightly wider than the external diameter of the coated wire. I fix one end of this tubing about 88 in. above the soldering point with a drop of a colofonium beeswax mixture. The tips of the electrodes are ground to a paraboloid shape by holding them at an angle against a very fine emery disc driven by a high speed electric motor and rotating them between index and thumb. A simple bevelling will tend to deflect the electrodes as they are introduced into the brain unless they are very stiff. If a larger active area is required, some additional insulation can be scraped off with a scalpel. (Fig. 1) . Finally, the electrodes are again tested for insulation in the way described above.
Multiple electrodes
These are manufactured in a similar way. I just give two or several electrodes, with the tips staggered as required, a final common coat or two of insulation. The following points have to be kept in mind: the insulation scrape for soldering the connecting strand to the component electrodes should be restricted to one side of the wire and the soldering joint carefully laid out so that it will not space the electrodes more than necessary. They should be staggered in such a fashion so that no short circuiting can occur between electrodes. Only the longest of the electrodes can be bared at the tips in the way described above. For the others, I carefully scrape away the insulation close to the tip with a scalpel under a binocular microscope. For bipolars, I just grind the two tips with opposite bevels. Before use the electrodes are tested for short circuiting with an ohm meter, as well as for insulation (Fig. 1) .
For such multiple and bipolar electrodes, smaller diameter wire can be used, as the combination of the different electrodes gives extra strength; but it is advisable to use a stronger gauge for the longest electrode of the multiple ones.
3. CONNECTORS I use two types of connectors, depending on the number of electrodes to be implanted. If four or fewer electrodes are used, the free ends of the connecting strands of the electrodes are each soldered to a t in. length of a 22 SWG stainless steel pin. Their free ends are ground smooth to a paraboloid shape. During the operation the pins are arranged in a suitable way on the dental cement socket (see below) so that about 88 in. of them protrudes free out of the socket. Care has to be taken that they are as widely separated from each other as possible. The other elements of these connectors are made by baring a 89 in. of the end of the linkage miniature cables (see be/ow). The tip of the bare strands is covered with a drop of solder and then slid through a t in. piece of vinyl tubing (supplied by Portland Plastics, Hythe, Kent) which has the same internal diameter as the external diameter of the cable insulation and the 22 gauge pins. When t in. * It is advisable to keep this brush well away from tools since the flux will corrode them,
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Fro. 2. Pin type connectors and "keyhole" anchoring to the skull. The layout of the indifferent electrode is also shown.
of the strand protrudes at the lower end of the tubing it is bent alongside the tubing. The open end of the tubing can then be slid over the free ends of the pins fixed to the animal's skull and the bare strands will be pressed against them by the vinyl tubing, giving a reliable contact (Fig. 2) . They also have the advantage of giving a suitable break-away safety provision should the animal, for example, jump off the experimental table and move out of reach of the counter balancing system (see below). However, if a larger number of electrodes is implanted, this method is too cumbersome. I then use Amphenol Micro-Min connectors*, single sided (supplied by Sasco, Crawley, Sussex) which are cut so that the correct number of connections are available. The sawn ends are dosed with a suitable piece of ~ in. perspex sheet, glued on with epoxy glue ("Araldite", Ciba, Duxford, Cambridge). The wires of the connectors are bent upwards and cut to adequate length. They are insulated with dental acrilic cement leaving the tips free for soldering the connecting strands of the electrodes during operation. The males are also cut to adequate size and a linkage miniature cable is soldered to each of the connecting wires. All the soldering points of these male elements are covered with epoxy glue, making sure that the ends of the cable insulation are also glued onto the resin plate. This avoids cable breakage at the soldering points (Fig. 3) .
The linkage leads which connect the birds to the stimulator are taken from a multi-miniature cable (supplied by Radiospares, London) and are counterbalanced by tying them at a point about 2 ft above the male dement to a length of nylon string which runs through a pair of lightweight ballrace pulleys fixed to the ceiling and ends on a weight which is just heavier than the linkage leads.
Attachment to the skull
Most birds and some of the smaller mammals have either a too soft or too thin skull bone to permit the use of the standard method of tapped screw holes. To circumvent this difficulty two techniques can be used. If the bone is thick and spongy, holes are drilled with a dental drill (Citenco, Boreham Wood, Herts.), using a fine fissure burr (Amalgamated Dental, London) and widened under the surface with the help of a small wheel burr. Then these holes are filled with a relatively liquid mixture of fast setting dental acrilic (Simplex Rapid, Dental Fillings, London) and stainless steel screws of adequate size and length (BA 14 or BA 12, ~ in. long supplied by Premier Screws, Woodgate, Leicester) (Fig. 3) .
The other method, which can be used if the bone is thin, is to drill out a "keyhole" with a fissure burr. The head of a 12 or 14 BA stainless steel crew is slid between the bone and the dura through the wide opening and the shaft of the screw slipped along the slit of the "keyhole". The head of the screw has previously been ground to a thickness of about 1/64 in. A small perspex washer is slid over the shaft and a nut is adjusted with a small spanner, holding the screw by the shaft with forceps (Fig. 2) . Working with small animals a stereotactic apparatm with polar adjustments (like the Stellar for the rat supplied by Stoelting, Chicago, U.S.A.) is invaluable, since it permits an approach to any point of the brain through any point of the skull without, for example, damaging the larger blood vessels, and it allows an electrode layout which leaves sufficient space for the connector. It is advisable, however, when using this type of apparatus, to build a convenient centering device for the rapid initial positioning of the electrodes, in the stereotactic apparatus during operation.
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Exploded view of the chronic adjustable depth electrode.
The electrodes are introduced through small bore holes in the skull made with a fine fissure burr. Sometimes the dura has to be pierced with a needle to avoid bending the electrodes. Once in place the electrodes are fixed with a drop of dental acrilic and can be released before the cement has hardened if the hypodermic tubing holding the electrodes is heated with a soldering iron so that the wax which retains them melts. Once all the electrodes are in place and their holding ends cut off, the connector is fixed into position with some cement, and if it is one of the Amphenol type, the connecting strands of the electrodes are soldered on to the connector wires, taking care that they do not touch the skull or each other. If monopolar electrodes are being used, a length of bare annealed 36 SWG stainless steel wire is placed forming a loop under the skin edges of the scalp incision and around the operation field, the two ends being soldered onto one of the connector wires. (Fig. 2) . Then everything is covered with dental cement except 4. ADJUSTABLE ELECTRODES For exploration of the brain, chronic implantations of electrodes are rather cumbersome and require a great number of experimental animals. Therefore a number of authors (e.g. VON HOLST and YON ST. PAUL, 1963, and LONG and TAPP, 1965) have used electrodes whose depth can be adjusted in situ. Since, however, they have drawbacks for our purpose, a very rugged type of adjustable electrode was developed (Fig. 4) . This basically consists of a square 12 BA brass nut driven by a 12 BA screw 89 in. long, through a rectangular bore tube made of perspex. The electrode made of an insulated 30 SWG 1 in. stainless steel insect pin is soldered to the nut and moves with it. It protrudes at the top of the assembly so that it can just be held in the pin chuck of the stereotactic instrument. The lower end protrudes through a 88 in. length of hypodermic tubing whose internal diameter is just wider than the diameter of the coated electrode and which is fixed to the base plate of the assembly. A loose coil of 40 SWG phosphor-bronze wire leads from the nut--to which it is soldered--to a home-made connector. This consists of strips of thin phosphor-bronze sheet, the female strip being glued onto the top plate with epoxy glue.* This top plate also retains the screw to whose head a washer has been soldered. The base plate provides means for fixing the assembly to a perspex block with two screws. The other perspex components are glued together with dichloroetbylene. The block is the part which is cemented onto the skull during the operation, the assembly--which is carded chronically by the animal --being removable for repeated use by loosening the fixing screws. JUAN D. DELIUS
Dept. of Zoology, Oxford
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